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(54) Treatment of subterranean formation to control particulate ftowback 

(57) A subterranean formation is treated with a par- 
ticulate laden fluid whereby particulate ficwback is 
reduced or prevented. The method includes the steps of 
providing a fluid suspension including a mixture of a 
particulate, a tacWfying compound and a hardenable 
resin, pumping the suspension into a subterranean for- 
mation and depositing the mixture within the formation 
whereby the tackifying compound retards movement of 
at least a portion of the particulate within the formation 
upon flow of fluids from the subterranean formation and 
said hardenable resin subsequently consolidates at 
least a portion of said particulate within said formation. 
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Description 

This invention relate to a method of treating a 
the production of hydrocarbons. 
5 Transport of particulate solids during the production of hydrocarbons from a subterranean formation Is a continuing 
problem. The transported solids can erode or cause significant wear in the hydrocarbon production equipment used in 
the recovery process. The solids also wc^ 

tion. Further, the transported particulates must be separated from the recovered hydrocarbons adding further expense 
to the processing. 

1 o The particulates which are available for transport may be present due to an unconsolidated nature of a subterra- 
nean formation and/or as a result of well treatments placing particulates in a wellbore or formation, such as. by gravel 
packing or propped fracturing. 

In the treatment of subterranean formations, it is common to place particulate materials as a filter mecfium and/or 
a proppant in the new weltoore area and in fractures extending outwartfty from the weflbore. In fracturing operations, 

15 proppant is carried into fractures created when hydraufic pressure is appied to these subterranean rock formations to 
a point where fractures are developed. Proppant suspended in a viscosified fracturing fluid is carried outward* away 
from the wefcore within the fractures as they are created and extended with continued pumping. Upon release of pump- 
ing pressure, the proppant materials remain in the fractures holding the separated rock faces in an open position form- 
ing a c^nnel tor flow of formation fluids back to the welbore. 

20 Proppant f lowback is the transport of proppants back into the welbore with the production of formation fluids fol- 
lowing fracturing. This undesirable result causes undue wear on production equipment the need for separation of solids 
from the produced hydrocarbons and occasionally also decreases the efficiency of the fracturing operation since the 
proppant does not remain within the fracture and may limit the width or conductivity of the created flow channel. Prop- 
pant f lowback often may be a aggravated by what is described as "aggressive* f lowback of the well after a stimulation 

25 treatment. Aggressive fiowback generally entails flowback of the treatment fluid at a rate of from about 0.001 to about 
0. 1 barrels per minute (BPM) per perforation of the treatment fluids which were introduced into the subterranean forma- 
tion. 

Such flowback rates accelerate or force closure of the formation upon the proppant introduced into the formation. 
The rapid flowrate can result in targe quantities of the proppant flowing back into the welbore before closure occurs or 

30 where inadequate bridging within the formation occurs. The rapid fiowback is highly desirable for the operator as it 
returns a wellbore to production of hydrocarbons significantly sooner than would result from other techniques. 

Currently, the primary means for addressing the proppant flowback problem is to employ resin-coated proppants or 
resin consoidation of the proppant which are not capable of use in aggressive flowback situations. Further, the cost of 
resin-coated proppant is high, and is therefore used only as a tail-In in the last five to twenty five percent of the proppant 

3$ placement Resin-coated proppant is not always effective since there is some difficulty in placing it uniformly within the 
fractures. Another means showing reasonable effectiveness has been to gradualy release fracturing pressure once the 
fracturing operation has been completed so that fracture closure pressure acting against the proppant builds slowly 
allowing the proppant particles to stabilize before flowback of the fracturing fluid and the beginning of hydrocarbon pro- 
duction. Such slow return is undesirable, however, since it reduces the production from the welbore until the treatment 

40 fluid is removed. 

In unconsolidated formations, it is common to place a f iltration bed of gravel in the near-welbore area in order to 
present a physical barrier to the transport of unconsofidated formation fines with the production of hydrocarbons. TVpi- 
caly, such so-cafled "gravel packing operations" involve the pumping and placement of a quantity of gravel and/or sand 
having a mesh size between about 10 and 60 mesh on the U.& Standard Sieve Series into the unconsolidated forma- 

48 tion adjacent to the welbore. It Is sometimes also desirable to bind the gravel particles together in order to form a 
porous matrix through which formation fluids can pass while straining out and retaining the bufc of the unconsofidated 
sand and/or fines transported to the near welbore area by the formation fluids. The gravel particles may constitute a 
resin-coated gravel which is either partially cured and subsequently completes curing or can be cured by an overflush 
of a chemical binding agent once the gravel is in place. It has also been known to add various hardenabie binding 

so agents or hardenabie adhesives directly to an overilush of unconsolidated gravel in order to bind the partides together. 
U. S. Patents 5,330,005. 5,439,055 and 5,501 ,275 cfisdose a method tor overcoming the difficulties of resin coating 
proppants or gravel packs by the incorporati on of a fibrous material in the fluid with which the particulates are intro- 
duced into the subtemnean formation. The fibers generally have a length ranging upward^ from about 2 millimeters 
and a cfameter of from about 6 to about 200 microns. Ftoriiatedfbers of smaler diameter also may be used. Theftoeis 

53 are believed to act to bridge across a*«trictions and orifices in the proppant pack and form a mat or framework which 
holds the particulates in place thereby Smiting particulate flowback. The f bers typically result in a 25 percent or greater 
loss in permedb*ty of the proppant pack that is created in comparison to a pack without the f bers. 

While this technique may function to limit some fiowback, it fais to secure the particulates to one another in the 
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manner achieved by usa of re6in coated particulates 

U.S. Patent 5.501 ,274 dsdosee a method for reducing proppant flowback by the incorporation of thermoplastic 
material in particulate, rfcbon or flake form with the proppant Upon deposition of the proppant and thermoplastic mate- 
rial in the formation, the thermoplastic material softens and causes particulates adjacent the material to adhere to the 
thermoplastic creating agglomerates. The ac^omerates then bridge with the other agglomerates and other particuiates 
to prevent flowback from the formation. 

It would be desirable to provide a more permanent method which wl bind greater nuntoem^ 

to one another whereby agglomerates may be formed which would further assist in preventing movement or flowback 

erf particulates from a weitoore a 

aggressive flowback of treatment fluids. 

We have now devised a method of treating a subterranean formation to inhibit the flow of particulates back through 
the weflbore during the production of hydrocarbons, without significant effects upon the permeabSty of the particulate 
pack. 

In accordance with the invention, a method of treating a subterranean formation penetrated by a wefcore is pro- 
vided comprising the steps of providing a fluid suspension including a mixture of particulate material, a material com- 
prising a liquid or solution of a tackrfying compound, which coats at least a portion of the particulate upon admixture 
therewith, and a hardenabie resin, which coats or is coated upon at least a portion of the particulate, pumping the fluid 
suspension including the coated particulate through the wettxxe and depositing the mixture in the formation. Upon 
deposition of proppants having been coated with the tackrfying compound and resin material mixture in the formation 
the coating causes particulate acfacent to the coated material to adhere to the coated material thereby creating prop- 
pant agglomerates which bridge against other particles in the formation to minimize initial particulate flowback and the 
hardenabie resin subsequently consolidates the particulate before and during flowback 

The coated material is effective in inhfcrting the flowback of particulate in a porous pack having a size ranging from 
about 2 to about 400 mesh in intimate admixture with the tadofying compound and hardenabie resin coated particu- 
lates. 

The coated material is effective in consolidating particulate into the form of agglomerates in a formation as a result 
of a fracturing or gravel packing treatment performed on a subterranean formation during aggressive flowback of the 
treatment fluid. 

In accordance with the present invention, a liquid or solution of a tadofying compound is incorporated in an intimate 
mixture with a particulate material such as conventional proppants or gravel packing materials together with a harden- 
abie resin and introduced into a subterranean formation. 

As used in this specification, the term Intimate mixture" will be understood to mean a substantially uniform disper- 
sion of the components i n the mixture. The term "simultaneous mixture" will be understood to mean a mixture of com- 
ponents that are blended together in the initial steps of the subterranean formation treatment process or the preparation 
for the performance of the treatment process. 

The coated particulate or proppant material may comprise substantially any substrate material that does not unde- 
sirably chemically interact with other components used in treating the subterranean formation. The material may com- 
prise sand, ceramics, glass, sintered bauxite, resin coated sand, resin beads, metal beads and the like. The coated 
material also may comprise an addrtionaJ material that is admixed with a particulate and introduced into a subterranean 
formation to reduce particulate flowback. In this instance the additional substrate material may comprise glass, ceramic, 
carbon composites, naturai or synthetic polymers or metal and the like in the form of fibers, flakes, ribbons, beads, shav- 
ings, platelets and the tike. In this instance, the additional substrate material generally wil be admixed with the particu- 
late in an amount of from about 0.1 to about 5 percem by weight of the particu^ ThetaddfyirKjcoTpourvlcon^^ 
a liquid or a solution of a compound capable of forming at least a partial coating upon the substrate material with which 
it is admixed prior to or subsequent to placement in the subtenanean tormatioa in s 
pound may be a solid at ambient surface conditions and ixxw inrtial ad 

entry into the weltxxe for introduction into the subterranean formation become a melted liquid which at least partiaJfy 
coats a portion of the particulate. Compounds suitable for use as a tackrfying compound comprise substantia^ any 
confound which when in liquid form a in a solvent solution wifl form a non-hardening coating, by themselves, upon the 
particulate which tadfitates agglomeration and wi increase the continuous critical resuspension velocity of the partic- 
ulate when contacted by a stream of water as hereinafter deserted in Example I by at least about 50 percent over the 
particulate alone when present in a 0.5 percent by w eight active material concentration and increase the initial critical 
resuspension velocity by at least about 50 percent ever the particuiate aJon* Preferably, the continuous critical resus- 
pension velocity is increased by at least 100 percent over particulate alone and most preferably at least about 150 per- 
cent over particulate alone and the initial critical resuspension velocity is increased by at least 75 percent and most 
preferably at least 100 percent over particulate aione. A particularly preferred group of tadofying compounds comprise 
potyamides which are liquids or in solvent solution at the temperature of the subterranean formation to be treated such 
that the pofyamide* are, by themselves, non-hardening when present on the particulates introduced into the subtena- 
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nean tormation. A particularly preferred product is a condensation reaction product comprised of commercially availa- 
ble polyacidB and a poryamine. Such commercial products include compounds such as mixtures of Q* dfcasic acids 
containing some trimer and Ntfer oligomers and also smal amounts of monomer acids which are reacted with 
potyamines. Other polyacids include trimer acids, synthetic acids produced from fatty acids, maleic anhydride and 

5 acryic acid and the like. Such acid confounds are available from companies such as Witeo, Union Camp, Chemtal, 
and Emery Industries. The reaction products are available from, tor example. Champion Chemicals. Inc. and Witoa 

In general, the pdyamides of the present invention are commercially^ 
ids predoninatety having two or more acid functionalities per molecule with a potyamf ne. As is well known in the man- 
ufacturing industry, the polyacids and polyfunctions! amines are introduced into a reactor where, with agitation, the 

10 mikfty exothermic formation of the amine salt occurs. After mixing, heat is applied to promote endothermic dehydration 
and formation of the polymer melt by porycondensation. The water of reaction is condensed and removed leaving the 
pdyamide. The molecutor weig* and final properties of the poly^ 

heating rate, and judkaous use of monofunctfonal acids and amines to terminate chain propagation. Generaly an 
excess of poryamine is present to prevent runaway chain propagation. Unreacted amines can be removed by distifla- 
is tion, rf desired. Often a solvent such as an alcohol, is admixed with the final condensation reaction product to produce 
a liquid solution trstt can readily be handled. The condensation reaction generally is acconpfished at a temperature of 
from about 225°F to about 450°F under a nitrogen sweep to remove the condensed water from the reaction. The 
potyamines can corrprise, for example, ethytenediamine. diethyienetriamine. Methylene tetraamine. amino ethyl piper- 
azine and the like. 

20 The pdyanides can be coriverted to quaternary conpc^ dimethyl sulfate. 

benzytcNoride, diethyl sulfate and the like. Typicaly the quaternization reaction would be effected at a temperature of 
from about 100 to about 200°F ever a period of from about 4 to 6 hours. 

The quaternization reaction may be employed to improve the chemical compatibility of the tackifying compound 
with the other chemicals utilized in the treatment f yds. Quaternization of the tackifying compound can reduce effects 

25 upon breakers in the fluids and reduce or minimize the buffer effects of the compounds when present in various fluids. 
Addition** compounds which may be utilized as tackifying compounds include liquids and solutions of, tor example, 
polyesters and porycarbamates, polycarbonates, natural resins such as shellac and the like. 

The tackifying compound is admixed with the particulate in an amount of from about 0.1 to about 3.0 percent active 
material by weight of the coated particulate. It is to be understood that larger quantities may be used, however, the 

30 larger quantities generally do not significantly increase performance and could undesirably reduce the permeability of 
the particulate pack. Preferably, the tackifying compound is admixed with the particulate introduced into the subterra- 
nean formation in an amount of from about 0.25 to about 2.0 percert by weight of the coated particulate. 

When the tackifying conpound is utilized with another material that '« to be admixed with the particulate and which 
is to be at least partially coated with the tackifying compound, such as glass fibers or the like, the compound is present 

as in an amourrt of frcjmaboU 10 to about 250 percent active materialby weight of the glass ftoers or other added material 
and generaly from about 0. 1 to about 3 percent active material by weight of the quantity of particulate with which the 
coated material Is intimately admixed. Preferably the tackifying compound Is present in an amount of from about 50 to 
about 150 percent of the material which is to be at least partially coated with the tackifying compound and then added 
to the particulate. At least a portion of the tackifying conpound introduced with the additional material wil contact and 

40 coat at least a portion of the particulate with which it is admixed 

The haidenable resin comprises an epoxy or phenoic resin or other conpound capable of being at least partially 
coated ipon a particulate substrate and then cured to a higher degree of polymerization. Exanplee of such resins 
include phenol-aldehyde resins of both the resole and novolac type, urea-aldehyde resins, metamine-aidehyde resins, 
epoxy resins, furfuryl alcohol resins and the like. The curing may result from heating the resin to a higher temperature 

45 such as can occur with the resole resin* or by the addition of a catalyst or crossJkiker to the resin which initiates polym- 
erization. Admixtures of resins such as the resole and novalac resins may be utilized wherein sufficient resole resin is 
incorporated to initiate polymerization in the novalac resin. Various resins are described in for example US. Patents 
5.420,174; 5.218,038; 5,425,994 and 4,888240 the entire cSsdosures of which are incorporated herein by reference 
thereto Particularly preferred resins include epoxy resins such as "EPON 828" epoxy resin from Shell Chemical Com- 

50 party, Houston. Texas. Phenote resins such as "Resin 1866" from Acme Resin Corporation. Borden Division. Forrest 
Park. IKnois, furan resins such as "ARS-1500" resin from Advanced Resin Systems, Dee Plains. Illinois and novalac 
Resins such as "Bakefts 9282 FP~ resin also available from Advanced Resin Systems. 

The resin is admixed with the particulate in an amourt of from about 0.01 to aboU&O 
ticuiate. Preferably, the resin is admixed with the particulate in an amount of from about 0.05 about 1.0 percent by 

55 weight of the particulate. Ojring agerrts. catalysto or croesT^^ 

lizedwrth the resin to harden the resin and form a consoidated matrbc of particulate. 

The liquid or solution of tac^ 
the subterranean formation to linrt^ 
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hardening and consolidation of the particulates by the hardenable resin. 

In one*rrt>odiment t the tackifying compound, when comprised of pdyarnides, may be admixed and contacted with 
a material that has mutti-functionaJ reactive sites which are capable of reacting with the tacfcfying compound to form a 
hard reaction product which consolidates the agglomerates formed by the tackifying compound A "hard reaction prod- 

5 net* as used herein means that the reaction of the tackifying compound with the rnultrfuictionai material wifl result in a 
substantially norftowabJe reaction product that exhfcrts a higher compressive strength in a consolidated agglomerate 
than the tackifying compound akxre with the particulates. One means of evaluating the consolidated agglomerate to 
determine whether an increase in compressive strength has occurred is through testing with a penetrometer. Samples 
may be prepared comprising particulate coated with the tackifying compound. fTuffifunctionai material and an admix- 

w ture as described herein and penetrometer readings can be made using equipment such as a PWQ Penetrometer from 
Precision Scientific Company, Chicago* Illinois. Comparison of the penetrometer readings readtfy demon s tr at es the 
change that has occurred as a result of the reaction. In this instance, the tackifying compound also functions as the 
hardenable resin. The material having murti-functional reactive sites include compounds such as aldehydes such as for- 
maldehyde, dialdehydes such as gtutaraldehyde, hemiacetate a aldehyde releasing compounds, diacid hafides, dihal- 

15 ides such as cfichloridee and dforomides, poryacid anhydridesa such as citric acid, epoxides and the like. Preferred 
compounds tor use with poryamides comprise furfuraWehyde. gtutaraldehyde or aldehyde condensates and the like. 
The multi-functional compound is admixed with the tackifying compound in an amount of from about 0.01 to about 50 
percent by weight of the tackifying compound to effect formation of the reaction product Preferably, the corrpound is 
present in an amount of from about 0.5 to about 1 percent by weight of the tackifying compound. 

20 The liquid or solution of tackifying compound and hardenable resin generaly are incorporated with the particulate 
in any of the conventional fracturing or gravel packing fluids corrprised of an aqueous fluid, an aqueous loam, a hydro- 
carbon fluid or an emulsion, a viscosrfying agent and any of the various known breakers, buffers, surfactants, day sta- 
bilizers or the Bke. 

Generally the tackifying compound and hardenable resin may be incorporated into fluids having a pH in the range 
25 of from about 3 to about 12 for introduction into a subterranean formation. The compounds are useful in reducing par- 
ticulate movement within the formation at temperatures from about ambient to in excess of 300°F It is to be understood 
that not every hardenable resin or tackifying compound wil be useful over the entire pH or temperature range but every 
compound Is useful over at least some portion of me range and individuals can readily determine the useful operating 
range tor various products utilizing well known tests and without undue experimentation. 
30 The liquid or solution of tackifying compound and the hardenable resin generally are incorporated with the particu- 
late as a simultaneous mixture by Introduction into the fracturing or gravel packing fluid along with the particulate. 

Fracturing fluid slurries are introduced into the subterranean formation at a rate and pressure sufficient to create at 
least one fracture in the formation into which particulate then is introduced to prop the created fracture open to fectfitate 
hydrocarbon production. Gravel packing treatments generally are performed at lower rates and pressures whereby the 
35 fluid can be introduced into a formation to create a controlled particule size pack surrounding a screen positioned in the 
weibore where fracturing of the formation may or may not occur. The particulate pack surrounding the weibore then 
functions to prevent fines or formation particulate migration into the weibore with the production of hydrocarbons from 
the subterranean formation. 

The gravel packing treatment also may be performed without a screen in the weibore. In such a screenless com- 
40 pletkxi, the fluid generally is introduced into the weibore to f ffl the perforations and weibore to a level above the perfo- 
rations and permitted to consoiidata The consolidated pack can then be drilled or reamed out to reopen the bore while 
providing a consolidated pack to screen fines and formation particulate from migrating into the weibore. 

The tadofying compound may be introduced into the fluid before, after or simultaneously with introduction of the 
paniculate into the fluid. The liquid or solution may be incorporated with the entire quantity of particulate introduced into 
45 the subterranean formation or it may be introduced with only a portion of the particulate, such as in the final stages of 
the treatment to place the intimate mixture in the formation in the vitinity of the weflbore. For example, the tackifying 
compound may be added to only the final 20 to 30 percent of the particulate laden fluid introduced into the formation 
and the hardenable resin may be added to only the last 1 0 to 20 percent of the particulate laden fluid. In this instance, 
the intimate mixture wifl form a tail-in to the treatment which upon interaction within the formation with the particulate 
so wil cause the parttdes to bridge on the agglomerates formed therein and prevent movement of the partides into the 
weibore with any produced fluids. The tackifying compound and hardenable resin may be introduced nto the blender 
or into any ftowitne in which they w* contact the material to be at least partiaiy coated by the compounds. The com- 
pounds may be introduced with metering pumps or the like prior to entry of the treatment fluid into the subterranean 
formation 

55 In an alternate embod im ent, the particulate may be premixed with either the tackifying compound or the hardenable 
resin prior to admixing with a treatment fluid and the other constituents for use in a subterranean formation, to some 
instances, resin precoated particulates may be utifized and the tackifying compound then would be added during per- 
formance of the subterranean formation treatment Depending upon the type of resin coating en-ployed, a catalyst then 
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would be added to the treatment fluid a introduced in a flush fluid or the like. 

Surprisingly; it has been found that use of the method of the present invention can produce high permeability tun- 
nets extending from weNbore perforations back into proppant packed fractures created in the subterranean formation 
which then may be consolidated. Control of the flowback rate of the treatment or formation fluids from the wellbore can 
5 be used to provide a controlled erosion of the treated particulate immecfiately adjacent a perforation in the weflbor* The 
f lowback rate is contioled so as to provide a level above the initial critical resusper^ 

pound but generaly is maintitfned controlled produc- 

tion (^particulate from the formats 

a tunnel into the particulate in the formation generaly corre6pondlng to the size and shape of the perforation in the wel- 
10 bore. After the tunnel is formed, the hardenabie resin consolidates the remaining particulate to provide a high permea- 
bility passage or tunnel from the formation to the welbore. 

Reference is made hereafter to the accompanying drawing (Figure 1 ) which provides a schematic lustration of the 
test apparatus utifeed to determine the criticaJ resuspension velocity tor a tackifying compound coated substrate mate- 
ria. 

15 To further Hlustrate the present invention and not by way of Bmrtation, the following Examples were provided. 
Example 1 

The evaluation of a liquid or solution of a compound for use as a tackifying compound is accomplished by the fol- 

20 lowing test A critical resuspension velocity is first determined tor the material upon which the tackifying compound is to 
be coated. Referring now to Figure 1 , a test apparatus is itfustrated tor performing the test The apparatus comprises a 
V4" glass tee 1 0 which is connected to an inlet source 1 2 of water and an outlet 1 4 disposal Ine is blocked to fluid flow. 
A water slurry of particulate Is aspirated into the tee 10 through inlet 12 and collected within portion 16 by filtration 
against a screen 1 8. When portion 1 6 of tee 1 0 is full, the vacuum source is removed and a plug 20 is used to seal the 

25 end of portion 16. The flow channel from inlet 12 to outlet 14 then is swabbed clean and a vdumetricaBy controlled 
pump, such as a "MOYNO" pump, is connected to inlet 1 2 and a controlled flow of water is initiated. The velocity of the 
fluid is slowly increased through inlet 1 2 until the first particute of particulate material is picked up by the flowing water 
stream. This determines the baseline for the starting of the resuspension velocity. The flow rate then is further increased 
until the removal of particles becomes continuous. This determines the baseline for the continuous resuspension veloc- 

30 ity. The test then is terminated and the apparatus is refilled with particulate having a coating corresponding to about 0.5 
percent active material by weight of the particulate applied thereto Simitar trends generally are seen in the results when 
the concentrations tested are from about 0.1 to about 3 percent, however, the 0.5 percent level which is within the pre- 
ferred application range is preferred tor standardization of the procedure. The test is repeated to determine the starting 
point of particulate removal and the velocity at which removal becomes continuous. 

38 The percent of velocity increase (or decrease) then Is determined based upon the initial or continuous baseline 
value. The results of several tests employing the preferred poryamide of the present invention, and conventional epoxy 
and phenoKc resins known for use in consolidation treatments in subterranean formations with 12/20 and 20/40 mesh 
sand are set forth below in Table I. 
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TABLE I 





Test No 


Particulate Size 


Coating Agent. % V/Wt 
Particulate 


Percent Of Velocity Change At: 


48 








Starting of Sand Particle 
Transport 


Continuous Sand Trans- 
port 




1 


20/40/rnesh sand 


none 


0 






2 


20740 mesh sand 


1/2 percent poiyamide 


192 


222 


50 


3 


20740 mesh sand 


1 percent poryamide 


271 


391 




4 


20740 mesh sand 


1/2 percent phenolic 


-0.5 


6.5 




5 


20740 mesh sand 




-9 


-6.8 


58 


6 


20740 mesh sand 


1/2 percent epoocy 


-9 


-1.2 


7 


20/40 mesh sand 


1 percent epoxy 


12 


12.2 




8 


12/20 mesh sand 


1/2 percent poiyamide 


228 


173 J 
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TABLE I (continued) 



Test No. 


Particulate Size 


Coating Agent, % WWt 
Particulate 


Percent Of Velocity Change At: 








Starting of Sand Particle 
Transport 


Continuous Sand Trans- 
port 


9 


12720 mesh sand 


1 percent potyamide 


367 


242 


10 


12/20 mesh sand 


1/2 percent phenolic 


42 


22 


11 


12/20 mesh sand 


1 percent phenoic 


42 


13 


12 


12/20 mesh sand 


1/2 percent epoxy 


46 


30 


13 


12/20 mesh sand 


1 percent epoxy 


38 


15 



The data dearly illustrates the substantial increase in the critical resuspension velocity of a particulate coated with 
the tactofying compound in comparison to other Known formation consolidation agents which require hardening to be 
effective. 

The test results dearly demonstr at e the beneficial results achieved by practice of the method of the present inverv 
20 tion with respect to proppant production from a simulated formation. 

EXAMPLE D 

The stabilization properties of the method of the present invention are determined by comparison to untreated sand 
25 and sand including a tadcfying compound. The flowback velocity is measured in an American Petroleum Institute 
approved simulated fracture flow cell. The cell contains Ohio sandstone cores having a proppant bed size of about 1.5 
inches in height about 7 inches in length and about 0.25 inches in width between the cores. The bed is initiatty pre- 
packed with 20/40 mesh sand by introducing the sand into the ceil in an aqueous slurry or a gelled fluid containing 40 
pounds of guar per 1 000 gallons of aqueous fluid. The cell is fitted with a 0.3 inch hde at one end to simulate a perio- 
30 ration. The hole is visible through a sight glass so that proppant production through the hole can be visually determined. 
The cell then was deaned and packed with another proppant pack for testing. The tested materials are set forth in 
Table II. below. 

While the present invention has been described with regard to that which is currently considered to comprise the 
preferred embodiments of the invention, other embodiments have been suggested and stil other embodiments wiB 
35 occur to those individuals skilled in the art upon receiving the foregoing specification. It is intended that afl such embod- 
iments shall be included within the scope of the present invention as defined by the claims appended hereto. 



TABLE II 



SAMPLE 


PACKING FLUID 


ADDITIVES TO SAND. % BY WT. SAND 


FLOW RATE, mt/min AT 
WHICH FAILURE 
OCCURS 


1 


water 


none 


84 


2 


gei 


none 


90 


3 


gel 


1%bywtpotyamide 


180 


4 


gel 


2% by wt pofyamide 


384 


5 


gel 


1%by wtpolyamide and 1%oUBakeiite 9282 FP 
resin 


>3000 1 


6 


gel 


1 % by wt poJyanide and 1 % by wt Bakeiite 9282 FP 
resin 


>2600 2 



1 pack healed at 250°F tor 72 hous before testing, no sand production durtno test 
2- pad* heated al 180°F tor 4 hoi** before testing no sand production during test 
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Claims 

1 . A method of treating a subterranean formation, which comprises the steps of introducing a treatment fluid into a 
subterranean formation; admixing with at least a portion of said fluid, a particulate which is introduced into and 
deposited within said formation; admixing with at least a portion 

corrpomd whereby at least a portion of said particulate is at least partially coated by said compound such that the 
critical resuspension velocity of said at least partialy coated particulate is increased by at least about 50 percent 
when tested at a level of 0.5% active material by weight over said particulate alone with water; admixing wHhat 
least a portion of said pvticulate in said treatment fluid a hardenable resin whereby at least a portion of said par- 
ticulate is at least partially coated by said resin; depositing the tackifying compound and hardenable resin coated 
particulates in the subterranean formation; and flowing back fluid from the formation whereby the tackifying com- 
pound coated particulate retards movement of at least a portion of the particulate within said formation and said 
hardenable resin subsequently consolidates at least a portion of the particulate within said formation 

2. A method according to claim 1, wherein said tackifying compound is admixed with said particulate in an amount of 
from 0.1 to 3.0 percent by weight of said particulate. 

3. A method according to claim 2, wherein said tackifying compound is admixed with said particulate in an amount of 
from 0.25 to 2 percent by weight of said particulate 

4. A method according to claim 1 , 2 or 3, wherein said coated particulate has a critical resuspension velocity in excess 
of 1 00 percent over said particulate alona 

5. A method according to claim 1 . 2, 3 or 4, wherein said tackifying compound comprises a liquid, or a solution of a. 
polyamide. 

6. A method according to any of claims 1 to 5, wherein said tackifying compound comprises predominantly a conden- 
sation reaction product of a dimer acid containing some trimer and higher oligomers and some monomer acids with 
a poly amine. 

7. A method according to claim 6. wherein said polyamine comprises at least one of ethytenecfiamine, cfiethylenetri- 
amine. triethylenetetraamine. tetraethylene pentaamine, aminoethylpiperazine. 

& A method according to claim 6 or 7, wherein said tackifying compound has been quaternized. 

9. A method according to any of claims 1 to 8, wherein said hardenable resin comprises at least one of phenol-aide- 
hyde resins, urea-aldehyde resins. melamine-aJdehyde resins, epoxy resins, furfuryl alcohol resins. 

10. A method according to any of claims 1 to 8, wherein said hardenable resin is a reaction product of the tackifying 
compound and a multifunctional material comprising at least one member selected from dialdehydes, diaod hafi- 
dee, dihaiides, and poryacid anhydrides. 



EP0853186A2 
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(54) Tteatment off subterranean formation to control particulate f towback 

(57) A subterranean formation is treated with a par- 
ticulate laden fluid whereby particulate f towback ts 
reduced or prevented. The method includes the steps of 
providing a fluid suspension induing a mixture of a 
particulate, a tactifying compound and a hardenable 
resin, pumping the suspension into a subterranean for- 
mation and depositing the mixture within the formation 
whereby the tadafying compound retards movement of 
at least a portion of the particulate within the formation 
upon flow of fluids from the subterranean formation and 
said hardenable resin subsequently consolidates at 
least a portion of said particulate within said formation. 
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